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Abstract 
Laser direct metal deposition has become an established processing technique for the repair and manufacture of products 
and the functionalization of surfaces in a variety of industrial applications. The properties of surfaces and parts, depends on 
the characteristics of the gas-powder flow between the nozzle and the deposition point. A detailed research of the gas-
powder stream parameters is conducted. Three-dimensional physical and mathematical model of gas-jet transportation of 
metal powder particles for different coaxial nozzles has been developed. 3D mass and quantitative powder flows on the 
substrate are obtained numerically. The comparison of obtained parameters of powder stream is performed. 
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1. Motivation  
The direct material deposition (DMD) is a  promising technology which enables to realize a layer-by-layer 
material deposition and produce 3D metal objects of any degree of complexity. It is necessary to have 
quantitative information about the basic physical processes for optimization the technological regimes of laser 
prototyping. It gives more complete understanding of the physical mechanisms of the processes. The local 
supply of powder to a substrate is an important technical operation, which plays a key role in getting quality 
products. The gas flow parameters should be chosen to ensure the particles melting in the laser radiation area 
and their collisions with the substrate in the appropriate place. Up to now, little attention has been paid to the 
modeling of such gas-dispersed flows in coaxial nozzles in scientific papers.  
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2. Description of thermodynamics and transport of powder particles  
To describe the thermodynamics and particles transport, we use the trajectory method, according to 
which the equations describing the motion of a disperse medium are written in terms of Lagrange variables  
and are integrated along individual   trajectories, as the gas flow field is accepted to be known. 
For the single particle of radius pr , we consider the velocity  vector  pV  of  the centre of  inertia  and  
particle volume-average temperature pT .  The equations of the dynamics of the individual particle can be 
presented as: 
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average temperature of the particle pT is found due to the melting effect (3), where  )w,v,u( ppppV  is the 
velocity,
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2 .  Heat  influx to an individual particle sq  includes the heat 
exchange with the gas, radiative heat  loss, and heat  influx due  to  laser  radiation absorption;  
g
  is the  
thermal conductivity in the gas,  is the Boltzmann constant, and p  is the particle  surface emissivity factor, 
(0,0,g)g , where g  is the  acceleration due to gravity; abA  is the  coefficient  of laser  radiation absorption 
average over the particle surface, )z,y,x(I  is the density of laser radiation power, mpH  the heat  of particle 
material melting; and the heat capacities in the solid and liquid states are ( s ) and ( mc ), respectively. 
3. Results and Discussion 
The results of the numerical simulation of mass-transfer processes at powder particles in three dimensional 
statement with CO2-laser radiation are presented. The parameters of powder jet essentially depends on the 
geometrical configuration and the size of output nozzle channels and also the composition of the powder, its 
dispersion and features of particles interaction with the walls of nozzle. The distribution of the mass-flow and 
the count density of particles are calculated and the positions of the local powder focus area in the space 
between the nozzle and the substrate are determined. The calculations were performed for three types of coaxial 
nozzles. The description of features of the gas-dispersed flows in these nozzles in laser cladding is provided. 
Fig. 1(a) presents calculated tracks of powder particles. For comparison, Fig. 1(b) shows a photo of the powder 
flow visualization from the nozzle [1]. General characteristics of the powder and the gas rate for the calculation 
chosen the same as in the experiment. The reflection of particles from the nozzle walls is calculated so that the 
particle at impact loses up to 20% of its initial energy. We can observe in the calculation results and experiment 
qualitative agreement of the particle distribution in space, including the focus location. In general, it is shown 
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that the law of interaction of the particles with the nozzle significantly influence on the shape of powder jet. 
More interesting result that can be obtained by numerical simulation is the distribution of the particle flux in 
space, by collecting more statistics. Fig. 2(a) shows the density distribution of the powder particles in the air in 
the XZ section and Fig. 2(b) shows the particles flow on the substrate, if it were in the powder focus area. 
Using this data, together with the calculation of particles heating and substrate, can be obtained a theoretical 
powder utilization factor. These results are very useful for choice the optimum modes of deposition, for 
example, when you select the gas flow rate, and for design a new types of nozzles.  
      
Fig. 1. 3D particle tracks in DMD process: (a) numerical modeling; (b) visualization on the experimental setup. 
 
Fig. 2. (a) Density distribution of the powder particles in the space between the nozzle and the substrate in the longitudinal section; 
(b) particles mass flow rate on the substrate at  the distance of 10 mm from the nozzle. 
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